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(57) Abstract: Non-periodic signals are used to modulate the different channels of a signal attenuation measurement system. In one
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disclosed. The demodulation vectors may be adjusted to account for distortion, reduce cross-talk and improve noise rejection (718).
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SIMULTANEOUS SIGNAL ATTENUATION
MEASUREMENTS UTILIZING CODE DIVISION MULTIPLEXING
FIELD OF THE INVENTION
The present invention relates in general to simultaneous signal attenuation
measurement systems and, in particular, to the use of code division multiplexing in
such systems to idéntify attenuation characteristics associated with individual signal

components.

BACKGROUND OF THE INVENTION

Signal attenuation measurements generally involve transmitting a signal
towards or through a medium under analysis, detecting the signal transmitted through -
or reflected by the medium and computing a parameter value for the medium based on
attenuation of the signal by the medium. In simultaneous signal attenuation
measurement systems, multiple signals are simultaneously transmitted (i.e., two or
more signals are transmitted during at least one measurement interval) to the medium
and detected in order to obtain information regarding the medium.

Such attenuation measurement systems are used in various applications in
various industries. For example, in the medical or health care field, optical (i.e.,:
visible spectrum or other wavelength) signals are utilized to monitor the composition
of respiratory and anesthetic gases, and to analyze tissue or a blood sample with
regard to oxygen saturation, analyte values (e.g., related to certain hemoglobins) or
other composition related values.

The case of pulse oximetry is illustrative. Pulse oximeters determine an
oxygen saturation level of a patient’s blood, or related analyte values, based on
transmission/absorption characteristics of light transmitted through or reflected from
the patient’s tissue. In particular, pulse oximeters generally include a probe for
attaching to a patient’s appendage such as a finger, earlobe or nasal septum. The
probe is used to transmit pulsed optical signals of at least two wavelengths, typically
red and infrared, to the patient’s appendage. The transmitted signals are received by a
detector that provides an analog electrical output signal representative of the received

optical signals. By processing the electrical signal and analyzing signal values for
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each of the wavelengths at different portions of a patient pulse cycle, information can
be obtained regarding blood oxygen saturation.

Such pulse oximeters generally include multiple sources (emitters) and one or
more detectors. A modulation mechanism is generally used to allow the contribution
of each source to the detector output to be determined. Conventional pulse oximeters
generally employ time division multiplexing (TDM) signals.' As noted above, the
processing of the electrical signals involves separate consideration of the portions of
the signal attributable to each of the sources. Such processing generally also involves
consideration of a dark current present when neither source is in an "on" state. In
TDM oximeters, the sources are pulsed at different times separated by dark periods.
Because the first source "on" period, the second source "on" period and dark periods
occur at separate times, the associated signal portions can be easily distinguished for
processing.

Alternatively, pulse oximeters may employ frequency division multiplexing
(FDM) signals. In the case of FDM, each of the sources is pulsed at a different
frequency resulting in detector signals that have multiple periodic components.
Conventional signal processing components and techniques can be utilized to extract
information about the different frequency components.

In order to accurately determine information regarding the subject, it is
desirable to minimize noise in the detector signal. Such noise may arise from a
variety of sources. For example, one source of noise relates to ambient light incident
on the detector. Another source of noise is electronic noise generated by various
oximeter components. Many significant sources of noise have a periodic component.

Various attempts to minimize the effects of such noise have been implemented
in hardware or software. For example, various filtering techniques have been
employed to filter from the detector signal frequency or wavelength components that
are not of interest. However, because of the periodic nature of many sources of noise
and the broad spectral effects of associated harmonics, the effectiveness of such
filtering techniques is limited. In this regard, it is noted that both TDM signals and
FDM signals are periodic in nature. Accordingly, it may be difficult for a filter to
discriminate between signal components and noise components having a similar

period.
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SUMMARY OF THE INVENTION

The present invention is directed to a simultaneous signal attenuation
measurement system employing code division multiplexing (CDM). The invention
allows for analysis of a multiplexed signal to distinguish between two or more signal
components thereof based on codes modulated into the signal components. The CDM
codes are nonperiodic thereby facilitating various processing techniques for
distinguishing the signals of interest from noise or other interference. Moreover, the
invention allows for a variety of hardware and processing options that may reduce
costs, simplify system operation and improve accuracy of the attenuation
measurements.

According to one aspect of the present invention, codes are modulated into the
transmitted signals of a signal attenuation measurement system. The system includes
at least two signal sources (e.g., having different wavelengths) that are pulsed by
source drives to a medium under analysis. One or more detectors receive the first and
second signal from the medium (e.g., after transmission through or reflection from the
medium) and output a composite signal reflecting contributions corresponding to each
of the transmitted source signals.  The detector signal is thus a multiplexed signal
composed of at least two signal components. In accordance with the present
invention, the source drives are operated to modulate each of the source signals based
on a nonperiodic signal or a code. For example, each drive may pulse a
corresponding one of the signal sources between a high output or "on" state and a low
value or "off" state. It will be appreciated that, depending on the sources employed,
substantial photonic energy may be transmitted in the nominal "off" state.
Accordingly, in the context of the source signals, a code may be conceptualized as a
bit stream of "0s" and "1s", where "0" corresponds to an off state, "1" corresponds to
an on state, and the bit length corresponds to a base unit of time that generally reflects
the shortest pulse length utilized in driving the sources.

The codes define source signals that have nonperiodic characteristics. That is,
due to the codes, there is at least a component of each source signal that is not
described by a regularly repeating temporal pattern. As will be understood from the
description below, however, the codes themselves may be concatenated in the source
signal and a periodic modulating signal may carry the coded signal.

A number of preferred characteristics have been identified for the codes.

Among these are:
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1. the codes for the different sources are preferably mathematically
orthogonal;
2. the numbers of 1s and Os in a code should be about the same;

the distribution of 1s and Os within a code should be fairly even; and
4. the distribution of transitions between 1s and Os within a code should
be fairly even.
These preferences and some bases therefor are described in detail below. The codes
utilized in accordance with the present invention preferably have one or more of these
characteristics and, more preferably, have all of the noted characteristics.

According to another aspect of the invention, a detector signal is processed in
a signal attenuation measurement system to demultiplex the detector signal and
extract component information therefrom based on nonperiodic codes. In particular,
the detector signal is first processed to provide a processed signal for demultiplexing
and the processed signal is then demultiplexed using at least one coded
demultiplexing signal that includes a series of values defining a nonperiodic code.
Information is thereby obtained regarding first and second signal components of the
detector signal. This information can be utilized in an attenuation analysis to
determine an attenuation related parameter of a medium under analysis.

The initial processing of the detector signal may include various processing
steps and components depending on the speciﬁb application and implementation. For
example, where the detector signal is an analog signal, initial processing may involve
analog to digital conversion. Preferably, such conversion is implemented using a fast
analog to digital converter that digitally samples the detector signal multiple times per
source cycle. Such a converter in combination with processing techniques enabled by
code division multiplexing allows for improved measurement accuracy and hardware
implementation options for certain attenuation measurement applications. The initial
processing may further or alternatively include signal filtering to reduce undesired
components, signal amplification including, e.g., DC rectification to remove or avoid
amplifying DC or low frequency components especially in the case of DC coupled
sources, and/or other signal enhancement processing.

Preferably, the demultiplexing process involves the use of a unique
demultiplexing signal for each signal component of interest, e.g., corresponding to
each signal source. In this regard, the same codes used for modulating the source

signals may be used to demodulate the detector signal. However, for mathematical
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convenience, the demodulating codes may be conceptualized as a series of -1s and
+1s rather than Os and 1s as discussed above in relation to the modulating codes. The
coded demodulating signal may be filtered to compensate for certain wave shape
distortions resulting from bandwidth limitations and non-linearities and/or to reduce
response at certain frequencies. In addition, the codes may be pre-computed to reduce
storage and processing requirements.

It has been found that simply establishing orthogonality of the demodulation
functions or vectors based on the modulating signals of the source drives can result in
some degree of cross-talk between the channels or impaired noise rejection. In
particular, due to distortions resulting from transmission and processing of the signal
between the code generator and the digital processing unit that receives the digitized
detector signal, as well as other sources of noise, the received signal may vary relative
to the transmitted code. Improved performance can be achieved by establishing the
demodulation vectors relative to the received signals rather than the originally
generated codes.

Moreover, optimization of the demodulation vectors in this regard can be
implemented for specific operating environments such as hardware configurations.

That is, code distortion may depend on the specific hardware components employed

. including, in the case of pulse oximetry, the sources, source drive circuitry, cables,

detector, detector output circuitry, the components used for amplification and other
signal conditioning, the A/D converter and associated circuitry, as well as non-
equipment factors such as the transmission medium and effective optical pathlength
(including whether the oximetry probe is attached to a finger, ear lobe, nasal septum,
etc.) and other ambient influences. For many pulse oximetry applications, the
principal variable in this regard is the identity of the probe that is attached to the
patient’s appendage.

The use of an oversampling A/D converter as discussed above allows for
substantial processing resolution in “matching” the demodulation vector to the
received code. In particular, an oversampling converter may provide many samples
per modulation signal pulse cycle, e.g., 20 or more samples, thereby enabling accurate
definition of the demodulation vectors for a particular operating environment.

Thus, in accordance with another aspect of the present invention, a
demodulation unit for use in a modulated signal system is provided. The modulated

signal system includes: a modulation signal generator for generating at least first and

5



WO 02/41536 PCT/US01/43610

10

15

20

25

30

second modulation signals; signal transmitting and processing components for
transmitting a signal of interest based on the modulation signals and processing the
transmitted signal; and a processor for receiving the resulting processed signal. The
demodulation vector unit is operative for providing demodulation vectors for use by
the processor in demodulating at least one, and more preferably at least two,
component(s) of the processed signal, where the demodulation vectors are based on
the expected processed signal and reflect demodulation signals that are different than
the modulation signals.

In a preferred implementation, the modulating signals reflect at least two
mutually orthogonal codes for modulating at least two components of the transmitted
signal and the demodulating vectors are defined to be orthogonal with respect to each
of the components as received at the processor. The modulated signal system may be
a pulse oximeter. An associated method involves receiving a processed modulated
signal including at least two components modulated in accordance with input
modulation signals and demodulating the processed signal using demodulation
vectors based on the expected processed signal, where the demodulation vectors
reflect demodulation signals that are different than the input modulating signals.

In accordance with another aspect of the present invention, a process is
provided for establishing demodulation vectors for a modulated signal system. The
system includes a signal generator for transmitting a signal including first and second
components modulated in accordance with first and second modulating codes, signal
processing components for processing the transmitted signal and a processor for
receiving the resulting processed signal. The process for establishing demodulation
vectors involves: operating the system to transmit a first transmitted signal
corresponding to the first signal component; receiving a first processed signal
corresponding to the first transmitted signal as received at the processor; decoding the
first transmitted signal to obtain a first received code; generating a first demodulation
vector based on (e.g., orthogonal to) the first received code, and repeating such
processing steps with regard to a second transmitted signal corresponding to the
second signal component.

In the context of pulse oximetry, this process may be conducted as part of a
manufacturing or calibration process. For example, demodulation vectors may be

established or updated for a given unit, unit type or model based on a variety of

"operating environments. Thus, a unit under consideration may be operated, for
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example, in a variety of equipment configurations involving different probes, different
cables and/or other equipment variations. For each such permutation of equipment
configuration or associated parameters, appropriate demodulation vectors may be
established and stored. During use, the appropriate vectors are applied based on the
current equipment configuration or operating parameters/conditions.

In accordance with another aspect of the present invention, a demodulation
unit is operated based on a recognized operating environment. The demodulation unit
is used in connection with a modulated signal system as described above. The system
is operated to transmit a signal including at least one component modulated based on
a modulation code. The demodulation unit obtains operating environment
information related to the processed signal as received at the processor, performs a
comparison to stored demodulation information based on the operating environment
information, and selectively provides at least one demodulation vector based on the
comparison.

The operating environment may be identified manually or automatically. In
this regard, a user can manually identify the operating environment by entering
appropriate information into the system, for example, in the context of pulse -
oximetry, identifying the probe, cable and other equipment and/or the patient
appendage under consideration. Alternatively, the operating environment may be
identified automatically, for example, in the case of pulse oximetry by operating one
or more channels of the oximeter to transmit a signal modulated in accordance with
known code or codes, and comparing the received signal to a library of processed
modulated signals or demodulation vectors to identify any match. In either case, the
identified operating environment may be used to select appropriate demodulation

vectors.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present invention and further
advantages thereof, reference is now made to the following detailed description, taken
in conjunction with the drawings, in which:
Figure 1 is a schematic diagram of a pulse oximeter in connection with which
the present invention may be implemented;
Figure 2 is a block diagram illustrating a code division multiplexing system in

accordance with the present invention;



WO 02/41536 PCT/US01/43610

10

15

20

25

30

Figure 3 illustrates two drive signals reflecting codes that may be used in the
code division multiplexing system of the present invention;

Figure 4 illustrates two drive signals, reflecting codes transmitted using a
carrier wave in accordance with the present invention; and

Figure 5 is a flowchart illustrating a code division multiplexing process in
accordance with the present invention.

Figure 6 is a schematic diagram of demodulation code generator for use in
manufacturing or calibration;

Figure 7 is a schematic diagram of a pulse oximeter processing unit
implementing vector selection and lock-out logic in accordance with the present
invention; and

Figure 8 is a flow chart illustrating a run-time process for vector selection and

lock-out in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The code division multiplexing system of the present invention may be used in -
a variety of signal attenuation measurement devices. In the following description, the
invention is set forth in the context of a pulse oximeter used to measure blood oxygen
saturation or related blood analyte values. As will be described below, the invention
has particular advantages in the context of pulse oximetry including allowing for
improved noise reduction and oximeter component obtions. However, while pulse
oximetry represents a particularly advantageous application of the present invention,
it will be undersfood that various aspects of the present invention are more broadly
applicable in a variety of simultaneous signal attenuation measurement contexts.

In the following description, the pulse oximetry environment is first described
with reference to a specific pulse oximeter embodiment. Thereafter, specific
implementations of the code division multiplexing system of the present invention are
described.

Referring to Figure 1, a pulse oximeter in accordance with the present
invention is generally identified by the reference numeral 100. The pulse oximeter
100 includes two or more light sources 102 for transmitting optical signals through an
appendage 103 of a patient. In the illustrated embodiment, two light sources 102 are
shown. For example, the light sources 102 may include a red LED and an infrared

LED. The light sources 102 are driven by light source drives 104 in response to drive
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signals from a digital signal processing unit 116. In the illustrated embodiment, as
will be described in more detail below, the signals from the light sources 102 are
modulated using different code sequences. For example, the source drive 104
associated with the red light source 102 may pulse the red light source in accordance
with a first code sequence and the light source drive 104 associated with the infrared
light source 102 may pulse the infrared light source 102 in accordance with a second
code sequence different from the first code sequence. It will be appreciated that such
a multiplexing system does not result in a periodic signals such as in the case of time
division multiplexed or frequency division multiplexed signals. In particular, the
pulsing of the sources 102 between "on" and "off" states does not define a regularly .
repeating waveform. It should also be noted that although the following description
references "on" and "off" cycles for each of the sources 102, in reality, the optical
signals associated with each source 102 do not define an ideal square wave. For
example, substantial photonic energy is emitted even in the "off" state in the case of
DC coupled sources. In addition, the intensity transmitted by each of the sources 102
can vary substantially within an "on" cycle. The ability to recognize and address such
non-ideal characteristics is an advantage of the present invention.

The optical signals transmitted by the light sources 102 are transmitted .
through the patient’s appendage 103 and impinge upon a detector 106. In this regard,
a positioner 108 provides for proper alignment of the sources 102 and the detector -
106. Various different types of positioners 108 are available depending, for example,
on the appendage to be irradiated and on the patient (e.g. different positioners 108
may be provided for neonatal and adult patients). One typical type of positioner 108
is provided in the form of a clothespin-like clamp which engages a patient’s fingertip.
When the positioner 108 is engaged on the patient’s fingertip, the light sources are
positioned on one side of the patient’s finger and the detector 106 is positioned on the
opposite side in alignment with the light sources so as to receive the optical signals
transmitted through the patient’s finger. It will be appreciated that, in alternative
implementations, a reflective pulse oximeter may be employed whereby the sources
and detector are located on the same side of the patient’s appendage so as to receive
optical signals reflected back from the patient’s tissue.

The detector 106 receives the optical signals transmitted through the patient’s
appendage 103 and provides an analog signal representative of the received optical

signals. In the illustrated embodiment, the detector 106 outputs an analog current
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signal where the magnitude of the current at any given time is proportional to the
cumulative intensity of the received optical signals. The detector signal in the
illustrated embodiment is then processed by an amplifier circuit 110. The amplifier
circuit may serve a number of functions. First, the illustrated amplifier circuit is
operative for converting the input analog current signal from the detector 106 into an
analog voltage signal. The amplifier circuit 110 may also be operative for subtracting
certain DC and low frequency components from the detector signal. For example,
one DC component which may be subtracted from the detector signal relates to
photonic energy transmitted by the sources 102 during "dark periods." That is, as
noted above, practical source implementations generally transmit a signal of some
intensity even during off periods. In addition, low frequency ambient light may be
subtracted from the detector signal. The amplifier circuit 110 may also filter out
certain high frequency electronic noise and provide other signal processing
functionality.

The amplifier circuit 110 outputs an analog voltage signal which is

' representative of the optical signals (or frequency division multiplexed signal) from

the sources 102. This analog voltage signal is received by a fast A/D converter 112
which samples the analog voltage signal to generate a digital voltage signal which can
be processed by the digital signal processing unit 116. In particular, the converter 112
preferably takes multiple digital samples per cycle of each of the sources 102. That
is, the sampling rate of the converter 112 is sufficiently fast to take multiple samples,
for example, at least about 20 samples per "on" period of each of the sources 102.
Such multiple sampling per cycle allows the oximeter to track the shape of the
detector signal, to allow for reduced noise processing of the resulting digital signal
and to identify phase components of interest within a signal cycle. Multiple samples
per dark period are also obtained. It will thus be appreciated that the values output by
the converter 112 are not integrated or aggregate values corresponding to a source
cycle period or dark period, but rather, are substantially instantaneous values
reflecting the detector signal at a moment within a cycle.

The digital signal processor 116 implements a number of functions. Of
particular importance to the present invention, and as will be described in more detail
below, the processor 116 includes a demultiplexer module, i.e., the processor executes
a variety of demultiplexing software/logic functions including generating or otherwise

obtaining a coded demultiplexing signal corresponding to each signal component
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associated with each source, processing the composite signal using each of the
demultiplexing signals to obtain a set of values reflecting the contribution of each
source, and using these value sets to obtain instantaneous intensity related values for

each of the sources. The processor 116 also includes a parameter calculation module

- for calculating blood oxygen saturation or related parameter values using known

algorithms.

Figure 2 illustrates a code division multiplexing system 200 that can be
implemented in the pulse oximeter 100 of Figure 1 in accordance with the present
invention. The system 200 includes a code module 202 for providing codes that are
used to modulate the sources and demultiplex the detector signal. A number of
preferred criteria have been identified with respect to the codes employed. First, these
codes are preferably selected, relative to one another, in a manner that allows for
processing so as to accurately distinguish the contributions of each of the sources. In
this regard, the codes may be substantially orthogonal to reduce any interference
between the two signal components, or "channels", corresponding to the two different
sources and their wavelengths/spectral composition. As noted above, the codes may
be conceptualized as binary sequences. In the context of the sources it is convenient
to conceptualize the code sequence in terms of 0 and 1 bits corresponding to the off or
low output state, on the one hand, and the on or high output state on the other. In the
case of the demultiplexing signal, the bits are conceptualized as -1 and +1 for
mathematical convenience. In the following discussion, the -1 and +1 convention is
used. The following sequences illustrate the concept of code orthogonality as well as

the mathematical convenience of +1s and -1s for a particular processing technique:

-1 1 1 -1
-1 -1 1 1
1 -1 1 -1

The first line above is a first code sequence and the second line above is a second
code sequence. These two code sequences are orthogonal in that half the time that the
bit value of the first code is -1, the bit value of the second code is -1 and vice versa.
The other half of the time the bit values are opposite. A similar relationship holds for
bit values of 1. The third line above is the bit-by-bit product of the first two code

sequences. Because the corresponding bits of the codes are the same half of the time
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(producing a product of +1) and different the other half of the time (producing a
product of -1), the sum of the bits in the third line above is 0. By contrast, the sum of
the products of two identical codes would be equal to the number of bits in the code.
As will be described below, this property facilitates isolation of the portion of the
multiplexed detector signal attributable to each of the sources and obtainment of a
value indicative of the intensity of that received signal at a given time or time period.
For example, the use of the following eight code segments in equal numbers

will allow for generation of a number of suitable orthogonal code sequences:

-1 -1 -1 -1
-1 -1 1 1
-1 1 -1 1
-1 1 1 -1
1 -1 -1 1
1 -1 1 -1
1 1 -1 -1
1 1 1 1

It will be observed that these four bit segments include even numbers of -1s and/or
+1s allowing for generation of codes based on combinations of these segments that
are orthogonal as discussed above. Similar segments of different bit lengths may be
used as a basis for generating orthogonal code sequences.

In addition to orthogonality, preferred codes for the illustrated implementation
of the invention have a substantially equal number of +1s and -1s. In this manner,
introduction of a DC offset is avoided as the code value integrates to zero over
relevant intervals.

A further preferred code criterion is that the distribution of +1s and -1s in a
code sequence should be relatively even. Most preferably, the numbers of +1s and -1s
should be the same in each half of the pattern, each quarter of the pattern, each eighth
of the pattern, etc., as far as practicable. Such spreading out of the +1s and -1sin a
code sequence reduces the likelihood that low frequency noise will interfere with
measured values.

Additionally, it is preferred that the transitions from -1 to +1 and vice versa be

substantially evenly distributed in a code sequence so as to provide signals having
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similar energies. In this regard, it is preferable that the code can be divided into an
integer number of segments where the number of transitions in each segment is
substantially the same.

The codes can be generated according to the output of a random number
generator, by an explicit algorithm, or by a stored series of values. In the case of a
random number generator or explicit algorithm process, one or more of the criteria
above can be applied by logic running on the digital signal processing platform at run-
time. With stored values, the criteria can be applied at run-time or at the time the
codes are generated. As discussed below, in one preferred implementation, the codes
are pre-generated and stored to reduce processing/storage resource requirements. The
codes can then be concatenated in generation of the drive signals.

These CDM codes are used by the drivers 204 for the respective sources 206
to encode or modulate the signals transmitted by the sources 206. Such encoded
signals are generally illustrated in Figs. 3-4. For purposes of illustration, Figs. 3-4
show idealized square waves. It will be appreciated, however, that practical
implementations may include waveforms that are somewhat distorted.

Fig. 3 illustrates two code sequences that may be transmitted by two
respective sources during a given time period. It will be observed that the illustrated
sources are pulsed between an on or high state (+1) and an off or low state (-1). The
shortest time period of these states is taken to be a bit length. The resulting code
sequences are reproduced above the signal waveforms in Fig. 3. The signals are
labeled red and infrared corresponding to two channels commonly used in pulse
oximetry. Additional channels or alternative channels may be utilized in accordance
with the present invention. ’

Fig. 4 illustrates another two code sequences. In this case, the code sequences
are further modulated using a carrier code. In this case, a 10 carrier pair is used to
transmit a +1 code bit and a 01 carrier pair is used for a 0 code bit. The corresponding
carrier pairs and associated code bit values for each code sequence are shown in Fig.
4. Such carrier code modulation has a number of advantages in the illustrated
implementation. First, such modulation simplifies the process of satisfying the above
noted code criteria as such criteria can be satisfied by the modulated code sequences
rather than the base code sequences. In this regard, since each code bit is half 0 and

half 1 and includes one transition, the transmitted code will automatically satisfy all of
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the above noted criteria except for orthogonality. The preferred code selection
process therefore reduces to satisfying orthogonality.

Additionally, the carrier code takes the coded signal further away from DC or
low frequency interference. By using higher frequency carriers (e.g., multiple carrier
pairs per code bit), the resulting signal can be taken further away from DC or low
frequency interference so that 1/f noise and power line noise (e.g., ambient light) have
a reduced impact on the desired measurements. These higher frequency carriers
produce nulls (noise minima) for several harmonics above the carrier frequency. By
appropriate selection of the carrier frequency, these nulls can be used to ease anti-
aliasing requirements.

Referring again to Fig. 2, the resulting signals transmitted by the sources 206
travel through the medium 208 in the illustrated embodiment. In this case, the
medium may be, for example, a patient’s finger, ear lobe or nasal septum.
Alternatively, in the case of a reflective oximeter, the signal portions reflected from
the medium may be detected to obtain information about the medium.

The signals are received by one or more detectors 210 that provide an
electrical detector signal proportional to the received optical signal. Such a signal
may be an analog current signal. In the illustrated embodiment, a single detector 210
receives the signals from both sources 206, thereby reducing components and costs as
is desirable, particularly when the detector 210 is provided as part of a disposable or
short lifespan probe. Accordingly, the detector signal is a composite signal including
contributions from each of the sources 206. As discussed above, the detector signal
may be processed by an amplifier circuit and an analog to digital circuit that are not
shown in Fig. 2.

In particular, the amplifier circuit outputs an analog voltage signal which is
representative of the optical signals (or code division multiplexed signal) from the
sources. This analog voltage signal is received by a fast A/D converter which
samples the analog voltage signal to generate a digital voltage signal which can be
processed by the digital signal processing unit. The converter 112 takes multiple
digital samples per time period corresponding to a code value or value of the carrier
wave. That is, the sampling rate of the converter is sufficiently fast to take one or
more samples and, more preferably at least about 3 samples and, even more
preferably at least about 20 samples per "on" or "off" period of each of the sources

102. Such multiple sampling per cycle allows the oximeter to track the shape of the
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detector signal, to allow for reduced noise processing of the resulting digital signal, to
reduce the required A/D converter word length and to identify phase components of
interest within a signal cycle. In one implementation, information regarding the shape
of the signal may be used in filtering the demodulating signal as discussed below.
The code modulated composite signal may be sampled by the converter, for example,
at a frequency of about 41,667 Hz. It will thus be appreciated that the values output
by the converter 112 are not integrated or aggregate values corresponding to a source
cycle period or dark period, but rather, are substantially instantaneous values
reflecting the detector signal at a moment within a cycle.  The result, in the
illustrated embodiment, is that the detector signal as transmitted to the demodulator
214 is a series of digital values where each digital value corresponds to an intensity of
the cumulative signals received by the detector at a given time or short time period.

In addition to this digital detector signal, the demodulator 214 also receives
filtered demodulation data from demodulation signal module 212. The demodulation
data is used to extract, from the composite code division multiplexed detector signal,
information regarding the contribution to that composite detector signal from each of
the sources. Generally, the demultiplexing process involves processing the composite
detector signal using the first code associated with the first source to obtain received
intensity information for the first source and processing the composite detector signal
using the second code associated with the second source to obtain received intensity
information for the second source. In particular, each such demultiplexing signal is
generally composed of a series of concatenated code sequences corresponding to the
drive signal for that source. The demultiplexing signal is synchronized to the drive
signals (e.g., by reference to a common clock or based on a feed forward signal from
the analog to digital converter) so that corresponding bits of the detector signal and
demultiplexing signal are co-processed. The detector signal can then be
demultiplexed by taking the bitwise product of the detector signal and demultiplexing
signal for a sampling period (e.g., a short portion of a patient’s pulse cycle) to obtain a
demultiplexed binary sequence. This demultiplexed binary sequence can then be
integrated to obtain a value indicative of the intensity of the detected signal portion
attributable to the corresponding source. Such values form the output 216 that is
transmitted to a parameter calculation module that executes any of various well-
known algorithms for determining oxygen saturation or related parameter values

based on signal attenuation or the detected intensity values.
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The illustrated demodulation signal module 212 performs a number of
functions in generating the demodulation signals. First, as noted above, the module
212 concatenates each of the codes to obtain the base demultiplexing signal form.
This signal form is also filtered by the module 212 to obtain an improved
demultiplexing signal. In this regard, the demodulation data may be filtered to
compensate for signal distortion. Specifically, the discussion above has assumed
idealized waveforms. In reality, due to bandwidth limitations and nonlinearities of the
various components, the transmitted code is distorted to an extent by the transmission
and receiving systems. If these distorted shapes were processed using idealized
demultiplexing data, the effects of distortion could have a substantial impact on the
resulting measurements. In the illustrated embodiment, the distorted wave shapes are
detected by the analog to digital converter and used to filter the demodulation data so
that, to a significant extent, the distortion effects are canceled out during
demultiplexing and do not affect the resulting calculations. This maximizes signal

strength and minimizes channel to channel cross-talk. It will be appreciated that these

-advantages result from the use of a fast A/D converter in conjunction with code

division multiplexing. That is, the ability to represent each code bit of the detector
signal and corresponding demultiplexing signal as a stream of multiple digital value
allows for compensation relative to distortion of a waveform corresponding to a code
bit.

The module 212 can also perform filtering to dampen or eliminate response at
particular frequencies. For example, an expected source of noise is related to power
line frequencies and harmonics thereof that modulate ambient light and certain
electronic noise. The effects of such noise can be reduced, just as channel to channel
cross-talk is minimized, by selecting the demodulation values so that processing the
detector signal using the demodulation values tends to pass or amplify the desired
components and block or de-emphasize the undesired components. That is, the
demodulation signal can be modulated with a signal component that has a degree of
orthogonality relative to the signal components representing the targeted noise. In
this regard, the demodulating signals can be filtered with notch filters at the power
line frequency and harmonics thereof to reduce interference. In addition, the
demodulation signals may be high pass filtered to reduce response at noisier lower
frequencies and low pass filtered to avoid aliasing problems. More generally, it will

be appreciated that the demodulation signal may be filtered, modulated or otherwise
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processed in a variety of ways to more fully discriminate the signal component of
interest from cross-talk, noise, distortion or other interference.

The code sequence is repeated in the demodulation signal. filtering effects
such as noted above are also generally repeating, e.g., on a periodic basis.
Accordingly, the demodulation signal is generally composed of a repeating series of
values that can be stored (once or periodically based on feedback/feedforward data)
and need not be computed on the fly. Preferably, the filtered demodulation sequence
is pre-computed and stored. More preferably, only a portion of the overall sequence
is stored. That is, after perhaps only a few bits, the sequence is similar to previously
transmitted data. For many codes, it has been found that storing and concatenating
only 3 to 5 bits results in cross-talk between channels of -140 db, even in severely
band limited systems. Thus, storage and processing resource requirements can be
minimized.

The system described above including code division multiplexing, carrier
based codes and a fast analog to digital converter, has a number of additional
advantages. Using the carrier-based codes permits use of AC coupled transmitters and
receivers. Such AC coupled transmitters and receivers may be advantageous in that
they can reduce the DC offset of the detector signal. Because such DC components
tend to be substantially larger than the AC signal of interest, saturation or reduced
dynamic range is a concern. This can be avoided by using AC coupled transmitters
and receivers. Even when the transmitter and receiver are of the DC type, the front-
end amplifier may be AC coupled or use DC restoration as discussed above to reduce
DC offset. Also, saturation and reduced dynamic range can be avoided by using a
high resolution analog to digital converter, e.g., a 16 bit or greater converter.

The system described above may also use on/off transmitters or analog
transmitters with on/off drivers to reduce costs. The on/off transmitters transmit extra
power in the frequencies above the fundamental. If anti-aliasing filters are used, the
efficiency of the system is lower. When anti-aliasing filters are not used, the system
must have substantially greater bandwidth than is required for proper reception of the
code. However, the losses due to on/off transmission are offset by the simplicity of
the drive.

The code division multiplexing process of the present invention can be
summarized by reference to the flowchart of Fig. 5. The illustrated process 500 sets

forth a specific example in the context of a two source pulse oximetry system where
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the codes are determined based on the output of a random number generator. It will
be appreciated that various aspects of the methodology are more broadly applicable to
alternative pulse oximetry implementations and other signal attenuation measurement
environments.

The process 500 is initiated by selecting (502) a measurement interval. this
will be the minimum time interval for which light intensity measurements can be
obtained. Once the measurement interval is obtained, a clock rate is selected (504) for
light source switching. This will be the minimum time for which any source can be
turned on or off. The measurement interval and clock rate are preferably chosen so
that, for a system with M light sources, each measurement interval has an integer
number of clock blocks Where each block has 2M clocks. In the case of two sources,
the measurement interval preferably has an integer number of clock blocks each
having 4 clocks.

The process continues by dividing (506) each clock block into catrier pairs.
Thus, in the case of the illustrated embodiment, a clock block is divided into two
carriers pairs where each carrier pair defines a code bit. That is, each clock block
includes four clocks or two code bits. An integer number of such clock blocks is
included within each measurement interval. In addition, each code bit is defined
(508) in terms of a carrier pair. Thus, for example, a code bit "1" may be defined as a
carrier pair "10." A code bit of "0" may be defined as a carrier pair of "01."

The output of a random bit generator may be used (510) to determine the state
of the first source. Thus, for example, if the random bit generator outputs a bit pair of
"00," this may be modulated as a "0101" for purposes of driving the first source. For
the second source, the second bit of this random bit pair is inverted (512). That is, the
second source drive is encoded as "01." It will be appreciated that this bit pair is
orthogonal to the bit pair used to drive the first source. The 01 code of the second
source is modulated as "0110" in terms of the carrier pairs.

The sources are then driven (514) in accordance with the modulated, coded
clock blocks. Specifically, in the case of the above-noted example, the first source is
driven to transmit 0101 during the first clock block while the second source is driven
to transmit 0110. This process is then repeated (516) for all clock blocks in a
measurement interval.

On the receiver side, the demultiplexing module receives (518) the

corresponding code sequence for each source. The module then applies (520)
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filtering values to these code sequences and generates (522) demodulating signals.
These demodulating signals are applied (524) to the detector signal to produce a
stream of values corresponding to the contributions of each of the sources. These
values are then integrated (526) to obtain intensity related values which can then be
used (528) to determine blood oxygen saturation or related parameter values.

As noted above, it has been found that distortion of the modulation codes due
to particular operating environments can result in increased cross-talk or impaired
noise rejection if not compensated for. In particular, it has been found advantageous
to establish orthogomality of the demodulation vectors relative to the signal as
received at the processor rather than the modulated signal as originally generated.
This process can be optimized relative to particular operating environments, i.e.,
particular equipment configurations, transmission media, etc. Figs. 6 — 8 illustrate a
particular implementation in this regard. Specifically, the following figures illustrate
a process for first performing tests to characterize a particular operating environment
and generate appropriate demodulating vectors and then to use the optimized
demodulation vectors during run-time (i.e., during operation of a pulse oximeter in a
patient monitoring setting) to identify an operating environment, select appropriate -
vectors or, alternatively, to lock-out an unauthorized or otherwise unsupported
equipment configuration.

Referring to Fig. 6, a system 600 for generating modulation vectors based on
particular operating environments is illustrated. The system 600 includes a
modulation signal source 602, a variable operating environment 604 and a
demodulation vector unit 606. The modulation signal source 602 includes a
modulation signal generator 610 for outputting a modulation signal 611 based on a
modulation signal library 608. The modulation signal 611 preferably has
characteristics as described above, including orthogonality, fairly even distribution of
Is and Os, etc. Such codes may be stored in the library 608. Alternatively, code
segments may be stored in the signal library 608 and then concatenated to form full
code strings by the signal generator 610.

A primary purpose of the system 600 is to characterize different operating
environments and generate corresponding demodulation vectors. Accordingly, the
operating environment 604 may be varied to test different operating environment
components. In the context of pulse oximetry, important variables relate to the optical

sources, the optical detector, and associated circuitry as well as the appendage
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involved. For example, it may be desirable to test and optimize an instrument in
connection with various combinations of probes and cables that may be used in the
field. The illustrated operating environment is shown as including a cable 612,
sources 614, medium 616 and detector and processing circuitry 618. As a practical
matter, the sources 614 and detector and processing circuitry 618 may be included
within a particular probe unit. Similarly, the cable 612 may be any of various
commercially available cables. It is believed that adequate results for many
applications can be obtained by testing a particular instrument model with various
combinations of probe types and cable types. That is, for many applications, a
particular probe type and cable type combination can be tested once to generate
appropriate demodulation vectors for the instrument under consideration. However, it
may be advantageous to test each individual instrument and each individual cable and
probe rather than characterizing the instrument, cable and probe based on type.
Moreover, it may prove beneficial to update the demodulation vectors for any given
combination of instrument cable and probe periodically or on a case-by-case basis.
Accordingly, the system 600 may be incorporated into a pulse oximetry unit. The
medium 616 may be a signal attenuator designed to model a patient appendage or, in
the case of run-time calibration, may be the actual patient appendage.

The results of interaction of the modulation signal 611 with the operating
environment 604 is a processed modulation signal 619, which is different than the
modulation signal 611. The differences are due, for example, to distortion resulting
from processing of the signal by the operating environment 604. This processed
modulation signal 619 is provided to a demodulation vector unit 606 for generating
appropriate demodulation vectors. The illustrated unit 606 includes a processed signal
receiver 620, a signal decoder 622, a demodulation vector generator 624 and a vector
library 626.

The functionality of the processed signal receiver 620 may vary depending on
the particular application. In this regard, some probes may include substantial signal
amplification and conditioning components. Other probes may provide a relatively
raw detector signal, i.e., an analog current signal representative of the received optical
signal. In the illustrated embodiment, the unit 606 receives an analog current signal.
Accordingly, the processed signal receiver 620 includes amplification circuitry and an
analog to digital converter as described above. In particular, the receiver 620

preferably incorporates a fast A/D converter that provides multiple digital sample
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values corresponding to a particular bit of the modulation code. Such a fast A/D
converter allows for substantial resolution in developing demodulation vectors that
are optimized for particular operating environments.

The output of the processed signal receiver 620 is a digital signal. This digital
signal is optionally analyzed by the signal decoder 622 to generate a signal
representing the processed signal 619. This signal may be filtered to have a
standardized bit rate, though this bit rate may be different than the bit rate of the
modulation signal 611. The resulting decoded signal is then provided to a
demodulation vector generator 624 that generates an optimized demodulation vector
based on the decoded signal. In this regard, the demodulation vector generator 624
may implement algorithms to generate demodulation vectors having preferred
characteristics as described above. The demodulation vectors generated by generator
624 are then stored in a vector library 626. It will be appreciated that the library 626
may store demodulation vectors for each supported operating environment
permutation for a given instrument as well as for the different channels of that
instrument. The resulting library can then be transferred into the memory of the pulse -
oximetry instrument in the case of a manufacturing application or simply stored in
memory in the case where the demodulation vector unit 606 is incorporated into the
instrument.

Fig. 7 illustrates a processor of a pulse oximeter implementing vector selection
logic and lock-out logic in accordance with the present invention. The processor 700
generally includes a processed signal receiver 702, a demodulation module 704, a
pleth module 706 and an oxygenation calculation (SpO;) module 714. The processed
signal receiver 702 receives an output signal from an A/D converter, preferably a fast
A/D converter as described above. For example, the receiver 702 may be an
appropriate port of a digital signal processor. The received signal is provided to a
demodulation module 704 which may be implemented in software running on the
digital signal processor. The demodulation module demodulates the received signal
based on application of selected demodulation vectors, as well be described below,
and thereby provides an output that can be analyzed to provide information regarding
the individual channels of the detector signal. The output of the demodulation module
is processed by a pleth generator 708 to generate information representative of pleth
waveforms corresponding to the channels of the pulse oximeter, in this case labeled

channel (710) and (712). For example, these channels may correspond to the red and
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infrared sources typically included in pulse oximeters. Finally, these pleth waveforms
can be used by the SpO; module 714 to provide an output regarding blood
oxygenation by executing known algorithms.

In order to allow for vector selection based on recognition of a particular
operating environment, the received signal may be processed by a signal decoder 716.
As discussed above, demodulation vectors may be generated relative to standardized
input signals. The signal decoder 716 is therefore operative to express the received
signal in terms of a standardized bit stream that may be recognized by the vector
selection logic 718. The vector selection logic 718 then compares the decoded signal
to signal information stored in the operating environment database 720 to identify any
match. If the decoded signal matches that of an approved operating environment for
code division multiplexing, then the vector selection logic can access an appropriate
demodulation vector from the vector library 722. The resulting demodulation vector
is then provided to the demodulation module 704 for demodulating the received
signal.

Fig. 8 is a flowchart illustrating an associated run-time or calibration process
800. The process 800 is initiated by receiving (802) a modulation code. For example,
the modulation code may be obtained from the modulation signal generator or may
simply be stored in memory for a particular unit. The process 800 further involves
receiving (804) a processed signal and decoding (806) the processed signal to obtain a
standardized decoded signal. This decoded signal may then be used to access (808)
an operating environment database. In particular, the decoded signal may be used to
retrieve (812) an appropriate demodulation vector from the vector library. This vector
can then be used to demodulate (814) the received signal and generate (816) an
appropriate pleth for oxygenation calculations as described above. This process may
be repeated for other channels (818) (if all channels are not processed simultaneously)
of the pulse oximeter until all channels have been demodulated. At that point, blood
oxygenation can be calculated (820).

Although the present invention has been described in several embodiments,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present invention encompass such changes and modifications that

fall within the scope of the appended claims.
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What Is Claimed Is:

1. A method for use in operating a signal attenuation measurement
device, the measurement device including a source system for generating first and
second signals and for transmitting the first and second signals to a medium that
attenuates the signals, a detector system for receiving the first and second signals from
the medium and for providing a composite detector signal based on the received first
and second signals, and a parameter module for determining an attenuation related
parameter regarding the medium based on the detector signal, said method comprising
the steps of:

processing the detector signal to provide a processed signal for
demultiplexing, said processed signal including information regarding the first and
second signals; and

code division demultiplexing said processed signal using at least one coded
demultiplexing signal, said at least one coded demultiplexing signal including a series
of values defining a non-periodic code such that said demultiplexing of said processed
signal using said at least one coded demultiplexing signal yields demultiplexed
information corresponding to at least one of said first and second signals;

wherein said demultiplexed information is used by the parameter module for
determining the attenuation related parameter regarding the medium.

2. The method as claimed in Claim 1, wherein the medium is a tissue of a
patient, and the attenuation related parameter is one of a blood oxygen saturation
value and a blood analyte value. |

3. The method as claimed in Claim 1, wherein said processed signal is an
analog signal and the step of processing comprises converting at least a portion of the -
processed signal into a series of digital values.

4, The method as claimed in Claim 1, wherein each of said first and
second signals includes high value time periods and low value time periods and said
step of processing the detector signal comprises digitally sampling said detector signal
multiple times within a time period corresponding to one of said high value and low
value time periods of one of said first and second signals.

5. The method as claimed in Claim 1, wherein said step of processing the
detector signal comprises filtering the detector signal to remove a selected frequency

component.
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6. . The method as claimed in Claim 1, wherein said step of demultiplexing
comprises first processing said processed signal using a first coded demultiplexing
signal corresponding to said first signal and second processing said processed signal
using a second coded demultiplexing signal corresponding to said second signal.

7. The method as claimed in Claim 6, wherein said first coded
demultiplexing signal comprises a concatenation of a first code and said second coded
demultiplexing signal comprises a concatenation of a second code.

8. The method as claimed in Claim 7, wherein said first code is
substantially orthogonal to said second code.

9. The method as claimed in Claim 7, wherein each of said first and
second codes is a digital code comprising a series of high and low values.

10. The method as claimed in Claim 9, wherein each of said first and
second codes includes said high and low values in substantially equal temporal
portions.

11.  The method as claimed in Claim 9, wherein, within each of said first
and second codes, said high values and low values are distributed so that there is -
substantially the same number of instances of high values and low values in the first
and second temporal halves thereof.

12. The method as claimed in Claim 9, wherein, within each of said first
and second codes, said high values and low values are distributed so that there is
substantially the same number of instances of high values and low values in the each
temporal quarter thereof.

13. The method as claimed in Claim 9, wherein, within each of said first
and second codes, transitions between said high values and low values are distributed
so that there is substantially the same number of transitions between high values and
low values in the first and second temporal halves thereof.

14. The method as claimed in Claim 9, wherein, within each of said first
and second codes, transitions between said high values and low values are distributed
so that there is substantially the same number of transitions between high values and
low values in each temporal quarter thereof.

15.  The method as claimed in Claim 8, further comprising the step of

modulating at least one of said codes into a carrier signal.
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16. The method as claimed in Claim 15, wherein said carrier signal
includes a plurality of values for expressing one of said high and low values of said
once of said codes.

17.  The method as claimed in Claim 6, wherein said step of demultiplexing
comprises filtering each of said first and second coded demultiplexing signals.

18.  The method as claimed in Claim 17, wherein said filtering comprises
monitoring wave shapes corresponding to said first and second signals and using said
wave shapes to filter said first and second coded demultiplexing signals.

19.  The method as claimed in Claim 17, wherein said filtering comprises
filtering said first and second coded demultiplexing signals to remove an undesired
frequency component.

20.  The method as claimed in Claim 19, wherein said filtering to remove
undesired frequency components includes precomputing at least a portion of each of -
the first and second coded demultiplexing signals to effect removal of said undesired
frequency component.

21.  The method as claimed in Claim 8, wherein each of said codes is
computed prior to transmission of said first and second signals.

22.  The method as claimed in Claim 1, further comprising the step of using
first and second coded modulating signals to drive the source system.

23.  The method as claimed in Claim 1, further comprising the step of AC
coupling at least one of the source system and the detector system.

24.  The method as claimed in Claim 1, further comprising the step of using
on/off transmitters in said source system to generate said first and second signals.

25.  An apparatus for use in a signal attenuation measurement device, the
measurement device including a source system for generating first and second signals
and for transmitting the first and second signals to a medium that attenuates the
signals, a detector system for receiving the first and second signals from the medium
and for providing a composite detector signal based on the received first and second
signals, and a parameter module for determining an attenuation related parameter
regarding the medium based on the detector signal, said apparatus comprising :

a signal processing module for processing the detector signal to provide a
processed signal for demultiplexing, said processed signal including information

regarding the first and second signals; and
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a processor operative for receiving signal information regarding said
processed signal, code division demultiplexing said processed signal using at least one
coded demultiplexing signal, said at least one coded demultiplexing signal including a
series of values defining a non-periodic code such that said demultiplexing of said
processed signal using said at least one coded demultiplexing signal yields
demultiplexed information corresponding to at least one of said first and second
signals;

wherein said demultiplexed information is used by the parameter module for
determining the attenuation related parameter regarding the medium.

' 26.  An apparatus as claimed in Claim 25, wherein the measurement device
is a pulse oximeter and said signal processing module is operative for receiving an
analog signal based on a detected optical signal and converting at least a portion of
the processed signal into a series of digital values.

27.  An apparatus as claimed in Claim 25, wherein said processor is'
operative for demultiplexing said processed signal by first processing said processed
signal using a first coded demultiplexing signal corresponding to said first signal and
second processing said processed signal using a second coded demultiplexing signal
corresponding to said second signal.

28.  An apparatus as claimed in Claim 27, wherein said first coded
demultiplexing signal comprises a concatenation of a first code and said second coded
demultiplexing signal comprises a concatenation of a second code.

29.  An apparatus as set forth in Claim 28, wherein said first code is
substantially orthogonal to said second code.

30.  An apparatus as set forth in Claim 27, wherein said processor is
operative for filtering each of said first and second coded demultiplexing signals.

31.  An apparatus as set forth in Claim 30, wherein said processor is
operative for filtering said first and second coded demultiplexing signals by
monitoring wave shapes corresponding to said first and second signals and using said
wave shapes to filter said first and second coded demultiplexing signals.

32.  An apparatus for use in a signal attenuation measurement device, the
measurement device including a source system for generating first and second signals
and for transmitting the first and second signals to a medium that attenuates the

signals, a detector signal for receiving the first and second signals from the medium
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and for providing a composite detector signal based on the received first and second
signals, and a parameter module for determining an attenuation related parameter
regarding the medium based on the detector signal, said apparatus comprising:

a modulation signal generator for operating said source system to modulate
said first and second signals based on first and second modulation signals; and

a demodulation vector unit for receiving processed signal information based
on said composite detector signal and providing at least one demodulation vector for
demodulating at least one component of said processed signal information, where the
demodulation vector is based on expected characteristics of the processed signal
information and reflects demodulation signals that are different than the modulation
signals.

33.  An apparatus as claimed in Claim 32, wherein said modulation signal
generator is operative for generating said first and second modulation signals such
that said first and second modulation signals are mutually orthogonal, and the
demodulation vector unit is operative for generating first and second demodulation
vectors such that the vectors reflect demodulation signals defined to be orthogonal
with respect to components of the processed signal information corresponding to the
first and second modulation signals as received at the demodulation vector unit. .

34.  An apparatus as claimed in Claim 32, wherein said signal attenuation
measurement device is a pulse oximeter.

35.  An apparatus as set forth in Claim 32, wherein said demodulation
vector unit is operative for demodulating two components of the processed signal
information.

36. A method for use in operating a signal attenuation measurement
device, the measurement device including a source system for generating first and
second signals and for transmitting the first and second signals to a medium that
attenuates the signals, a detector system for receiving the first and second signals from
the medium and for providing a composite detector signal based on the received first
and second signals, and a parameter module for determining an attenuation related
parameter regarding the medium based on the detector signal, said method comprising
the steps of:

operating the device to transmit a first transmitted signal corresponding to the

first signal component;
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receiving a first processed signal corresponding to the first transmitted signal
as received by a processor associated with the detector system;

decoding the first transmitted signal to obtain a first received code;

generating a first demodulation vector based on the first received code; and

repeating said steps of operating, receiving, decoding and generating with
regard to a second transmitted signal corresponding to the second signal component.

37. A method as claimed in Claim 36, wherein said first demodulation
vector is generated so as to be orthogonal to said first received code.

38. A method as set forth in Claim 36, further comprising the steps of:

changing at least one of said source system and said detector system; and

repeating said steps of operating, receiving, decoding and generating.

39. A method for use in operating a signal attenuation measurement
device, the measurement device including a source system for generating first and
second signals and for transmitting the first and second signals to a medium that
attenuates the signals, a detector system for receiving the first and second signals from
the medium and for providing a composite detector signal based on the received first
and second signals, and a parameter module for determining an attenuation related
parameter regarding the medium based on the detector signal, said method comprising
the steps of:

receiving a signal including at least one component modulated based on a
modulation code;

obtaining operating environment information relating to the processed signal
as received at a processor associated with the detector system;

performing a comparison to stored demodulation information based on the
operating environment information; and

selectively providing at least one demodulation vector based on the
comparison.

40. A method as set forth in Claim 39, further comprising the steps of
identifying the operating environment by receiving operating environment

information manually entered by a user.
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